5'-Haloacetamido-5'-deoxythymidines: novel inhibitors of thymidylate synthase.
5'-Bromoacetamido-5'-deoxythymidine (BAT), 5'-iodoacetamido-5'-deoxythymidine (IAT), 5'-chloroacetamido-5'-deoxythymidine (CAT) and [14C]BAT were synthesized and their interactions with thymidylate synthase purified from L1210 cells were investigated. The inhibitory effects of these compounds on thymidylate synthase were in the order BAT greater than IAT greater than CAT, which is in agreement with their cytotoxic effects in L1210 cells. In the presence of substrate during preincubation, the concentration required for 50% inhibition of the enzyme activity by these inhibitors was 4-8-fold higher than it was in the absence of dUMP. The I50 values for BAT were 1 X 10(-5) M and 1.2 X 10(-6) M in the presence and absence, respectively, of dUMP during preincubation. These results were in agreement with the observed inhibition of thymidylate synthase by BAT in intact L1210 cells. A Lineweaver-Burk plot revealed that BAT behaved as a competitive inhibitor. The Km for the enzyme was 9.2 microM, and the Ki determined for competitive inhibition by BAT was 5.4 microM. Formation of a tight, irreversible complex is inferred from the finding that BAT-inactivation of thymidylate synthase was not reversible on prolonged dialysis and that the enzyme-BAT complex was nondissociable by gel filtration through a Sephadex G-25 column or by TSK-125 column chromatography. Incubation of thymidylate synthase with BAT resulted in time-dependent, irreversible loss of enzyme activity by first-order kinetics. The rate constant for inactivation was 0.4 min-1, and the steady-state constant of inactivation, Ki, was estimated to be 6.6 microM. The 5'-haloacetamido-5'-deoxythymidines provide specific inhibitors of thymidylate synthase that may also serve as reagents for studying the enzyme mechanism.